This paper presents a conception of an exponential observer for a class of linear distributed-parameter systems (DPSs), in which the dynamics are partially unknown. The given distributed-parameter observer ensures asymptotic state estimator with exponentially decay error, based on the theory of -semigroups in a Hilbert space. The theoretical observer developed is applied to a chemical tubular reactor, namely the isothermal Plug-Flow reactor basic dynamical model for which measurements are available at the reactor output only. The process is described by Partial differential equations with unknown initial states. For this application, performance issues are illustrated in a simulation study. 
Introduction
In many physical systems (e.g., bio-reactor, vibrations problems in mechanics, diffusion problems), the states of the mathematical model depend on spatial variable, which is a position in a one-dimensional or multi-dimensional space. This kind of system is called distributedparameter system(s) (DPSs) (see [1] ). A powerful tool in the analysis of DPSs is the theory of -semigroups (see [2, 3] ). 0 
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For the state feedback control, the exact and full knowledge of sates of the system is important. However, the presence of spatial variables makes the state not available for direct measurements and that imposes limitations to the design. In such case, the states can be estimated using state estimators (observers). For this purpose, the classical theory of the Luenberger observer [4] has been extended from linear finite-dimensional systems to a large class of DPSs by many authors, (we mention as examples [5] [6] [7] [8] [9] [10] and the references within). However, research on efficient and practicable observer design for DPSs has not been so extensive as in the case of finitedimensional systems, and papers on distributed-parameter observers are scattered in the literature.
In This paper, we focus on estimating the states of linear DPSs with partially unknown dynamics. The paper presents an exponential distributed-parameter observer design which is an asymptotic state estimator with exponentially decay error. The proposed conception is efficient and suitable in practice applications; for instance, it is appropriate to be applied to estimate the states of a chemical tubular reactor, namely the isothermal PlugFlow Reactor basic dynamical model, with unknown initial state, in the case where measurements may occur at the reactor output only.
Infinite Dimensional Observer Design
Let consider the linear Infinite-Dimensional system given by
, 0
x Ax t Bu t y t Cx t x x
Here, A is the infinitesimal generator of a 0 -semigroup on a real Hilbert space The purpose is to design a dynamic system (observer or state estimator) for the system (1) by using as the input such that the output of this designed dynamic system is used as an estimate of the current state
The initial state of (1) is unknown while the initial state of the observer can be assigned arbitrarily. Thus, the error between and is still an unknown quantity even if we know . As a basic requirement in observer design, we require that if then
for all . So, the observer for (1) can be expressed in the following form
.
x t Ax t Bu t L y t Cx t x x
where is the observer gain operator. L Proposition 2.1: Given the linear infinite-dimensional system (1) 
then the dynamic system (2) with arbitrary chosen is an exponential observer for system (1) and
, where is a positive number depending on
Proof 1 Let consider the estimation error
, for all , the evolution system,
has a unique mild solution on the interval   0,  , given by:
, for all (see [2, 3] ).
Thus, the error satisfies:
and that implies that the norm of the difference    
x t x t  will decrease exponentially to zero. This competes the proof.
Let now suppose that linear operator A is the infinitesimal generator of a 0 -semigroup 0 A t  and is linear bounded operator on
The following result will be needed in the sequel.
Theorem 2.2: [3] The operator
which is the unique solution of the equation
Application to the Plug-Flow Reactor Basic Model
The theory presented in the linear infinite-dimensional sitting in Section 2, is applied to reconstruct the states of a chemical tubular reactor with the following chemical reaction:
where 1 is the reactant, 2 the product, and is the stoichiometric coefficient of the reaction. The dynamics of the process in a tubular reactor without axial dispersion are given, for all time and for all
is the reactor length, by mass balance equations (see [11] ):
with the boundary conditions:
and the initial conditions:
where       Throughout the sequel, we assume (5)- (7), when expended with an output equation, can also be expressed as an abstract state space equation on the Hilbert space H :
x t Ax t Bu t y t Cx t x x
associated to the unknown initial condition 
The operator A is the infinitesimal generator of a 0 -semigroup
H  , (see [11] and the references within for more detail), 
Observer Design
Hereafter we consider measurements of the state vector   The observer operator is linear bounded. 
A candidate observer for the system (5)- (7), is obtained as the output of the following dynamic system
Conclusions and Prospects
In this paper we present a conception of a state estimator for linear distributed-parameter systems, which ensures that the estimation error converges exponentially to zero. The theory developed is applied to reconstruct the state of the isothermal Plug-Flow reactor basic dynamical model, and performed by a simulation study in which the parameters can be tuned by the user to satisfy specific needs in terms of convergence rate.
One of the purposes in designing an observer is to obtain an efficient and practicable feedback control that stabilizes the original system around a desired profile. So the investigation of the stability of the overall closedloop system (which is composed of original system, ob- server, and feedback controller), is an interesting topic for future research.
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